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Abstract
The LEP collaborations ALEPH, DELPHI, L3 and OPAL have used data taken at centre-
of-mass energies between 189 and 208 GeV to search for singly produced excited leptons.
No deviation from Standard Model expectations was observed. This note summarises the
results and presents 95% CL combined limits on the ratios of the couplings to the compos-
iteness scale for charged excited leptons, based on DELPHI and OPAL data corresponding
to an integrated luminosity of about 1.15 fb−1.
This note describes preliminary LEP results to be presented
at EPS01 and LP01
July 8, 2001
1 Introduction
Excited leptons (`?) arise naturally in models predicting a sub-structure in the fermionic
sector [1]. It is frequently assumed that the compositeness scale might be in the TeV
region. However, since the dynamics at the level of the constituents is unknown, the
masses of the excited states could be in the range accessible by LEP2. In e+e−collisions
excited leptons could be produced pairwise or in association with a standard lepton.
Searches for pair production of excited leptons have already yielded lower mass limits
close to the kinematic reach of LEP2 [2–5]. All four LEP collaborations have also searched
for singly produced excited leptons, using data recorded at centre-of-mass system energies
(
√
s) between 189 and 208 GeV. A detailed breakdown of integrated luminosities by
√
s
and experiment can be found in table 1.
√
s ALEPH DELPHI L3 OPAL
189 GeV 173.6 pb−1 151.8 pb−1 176.4 pb−1 181.0 pb−1
192 GeV 25.9 pb−1 22.2 pb−1 29.0 pb−1
196 GeV 76.5 pb−1 83.7 pb−1 72.5 pb−1
200 GeV 83.5 pb−1 74.3 pb−1 74.8 pb−1
202 GeV 40.1 pb−1 37.0 pb−1 39.2 pb−1
≈ 204− 208 GeV 163.1 pb−1 218.6 pb−1
Table 1: Integrated luminosities corresponding to the data sets used by the four col-
laborations, taken in 1998 (
√
s = 189 GeV), 1999 (
√
s = 192 − 202 GeV) and 2000
(
√
s ≈ 204− 208 GeV). DELPHI used only a fraction of the data taken in 2000 due to a
malfunctioning of the main tracking device.
In the simplest phenomenological models [6] excited leptons are assumed to have spin
and isospin 1/2. Both left- and right-handed components are assumed to be in weak
isodoublets. In single production mode excited leptons can be produced in s-channel γ
(except for ν?) and Z exchange. Additional contributions to e? (except for ν?) production
arise from t-channel γ/Z (W) exchange.
The effective electroweak Lagrangian describing chiral magnetic transitions from ex-
















where Λ corresponds to the compositeness mass scale, the subscript L stands for left-
handed, g, g
′
are the SM gauge coupling constants and the factors f , f
′
are weight factors
associated with the two gauge groups SU(2) × U(1). Excited leptons can decay to their
ground state leptons via radiation of a gauge boson (γ, W± or Z0) with branching ratios
determined by their mass and the coupling parameters f and f ′ [7].
Frequently the relation |f | = |f ′| is assumed. In this case cross-sections and decay
branching ratios can be described as function of two parameters, f/Λ and the excited
lepton mass, and results expressed in terms of the ratio of coupling to scale.
For excited electrons and for non-vanishing electromagnetic couplings (f 6= −f ′) the
sensitivity can be extended to masses beyond
√
s/c2 by the measurement of the differential
angular cross-section of the process e+e− → γγ(γ), which would receive contributions from
t-channel e? exchange.
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2 Decay modes and topologies
Many different topologies could result from `? production depending on the gauge boson
radiated off the excited lepton and, in the case of W± or Z0, the subsequent boson decay
mode. A list of relevant decay modes and topologies can be found in table 2.
Decay Topology
`?± → `±γ ``γ
`?± → νW± jj`, ``
`?± → `±Z0 jj``, ````, ``
ν? → νγ γ
ν? → `∓W± jj`, ``
ν? → νZ0 jj, ``
Table 2: Excited lepton decay channels and the final states considered in at least one
of the analyses. The ordinary lepton produced in association with the excited one is
frequently emitted close to the beam direction and can remain undetected.
Final states were associated with specific excited lepton flavours by identifying the
charged lepton generated in the decay, except for the νγ and νZ0 decays where the flavour
cannot be determined. The resolution on the reconstructed `? mass was improved using
kinematic fits to impose energy and momentum conservation, and possibly the Z- or
W-mass, whenever applicable. In the final states with two leptons either one can be
combined with the reconstructed boson to obtain a candidate mass. The collaborations
followed different strategies, either selecting one combination or allowing for two solutions
per event.
A breakdown of candidates and the expected SM backgrounds according to excited
lepton flavour, decay mode, year of data taking and experiment is shown in table 3. The
number of observed events is in agreement with the SM expectations. Typical values for
efficiencies and mass resolutions can be found in references [2–5].
3 Combination procedure and results
For technical reasons only DELPHI and OPAL data were used in the present combination,
even if a similar performance was reached by ALEPH and L3. Inputs to the combination
were search results in the e?, µ? and τ ?channels.
For each excited lepton flavour data from each contributing decay mode, centre-of-
mass energy and experiment were treated as independent channels. Confidence levels
(C.L.) were calculated using the likelihood ratio method described in reference [8], tak-
ing into account the statistical uncertainties on the background and efficiency estimates.
Reconstructed masses of candidate events and the probability density functions for back-
ground (estimated from Standard Model simulation) and signal (derived from the mass
resolution) were used when available.
Cross-sections and branching ratios were calculated according to references [6,7]. Cor-
rections due to initial state radiation were added according to reference [9].
Since no evidence for deviations from the SM was found the signal confidence level
CLS as defined in [8] has been used to set limits on single production of excited leptons.
Figure 1 shows the 95% C.L. limits on the ratio of the coupling to the compositeness
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ALEPH 189 GeV 192− 202 GeV ≈ 204− 208 GeV
e?± → e±γ 2346 (2312)
µ?± → µ±γ 50 (67.6)
τ ?± → τ±γ 126 (107)
e?± → νW± 66 (72.8)
µ?± → νW± 50 (58.3)
ν? → νγ 81 (101)
ν?e → e∓W± 71 (84.2)
ν?µ → µ∓W± 47 (55.3)
DELPHI 189 GeV 192− 202 GeV ≈ 204− 208 GeV
e?± → e±γ 144 (128) 174 (172) 141 (127)
µ?± → µ±γ 28 (37) 70 (71) 43 (44)
τ ?± → τ±γ 62 (49) 140 (113) 52 (45)
e?± → νW± 38 (42) 51 (56) 21 (27)
µ?± → νW± 22 (21) 31 (32) 28 (26)
τ ?± → νW± 12 (14) 18 (17) 10 (13)
e?± → e±Z0 87 (96) 128 (132) 64 (65)
µ?± → µ±Z0 52 (51) 74 (85) 58 (66)
τ ?± → τ±Z0 86 (81) 75 (66) 58 (55)
ν? → νγ 3 (0.7) 9 (3.7) 6 (3.9)
ν?e → e∓W± 34 (38) 45 (50) 15 (22)
ν?µ → µ∓W± 18 (17) 25 (27) 22 (21)
ν?τ → τ∓W± 33 (30) 33 (32) 18 (21)
ν? → νZ0 13 (9) 6 (11) 14 (11)
L3 189 GeV 192− 202 GeV ≈ 204− 208 GeV
e?± → e±γ 563 (564) 682 (714)
µ?± → µ±γ 71 (64) 72 (67)
τ ?± → τ±γ 64 (55) 50 (69)
e?± → νW±, ν?e → e∓W± 452 (455) 728 (764)
µ?± → νW±, ν?µ → µ∓W± 476 (479) 684 (694)
τ ?± → νW±, ν?τ → τ∓W± 1004 (972) 1365 (1377)
e?± → e±Z0 663 (692)
µ?± → µ±Z0 608 (617)
τ ?± → τ±Z0 1307 (1308)
ν? → νγ 191 (219) 230 (232)
ν? → νZ0 350 (357)
OPAL 189 GeV 192− 202 GeV ≈ 204− 208 GeV
e?± → e±γ 828 (892.2) 914 (1009.3) 739 (899.5)
µ?± → µ±γ 66 (85.8) 67 (87.0) 72 (76.1)
τ ?± → τ±γ 79 (91.4) 84 (88.3) 72 (78.4)
Table 3: Number of observed candidates and, in parentheses, the expected SM background
for the different decay modes, energy ranges and experiments.
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scale assuming f = f ′. Figure 2 shows the extension of the exclusion for excited electrons
beyond the kinematic limit, using the γγ(γ) channel [10, 15].
These limits can be compared with the results of the H1 [11] and ZEUS [12] collabo-
rations.
4 Conclusions
Searches for single production of excited charged leptons have been performed by all LEP
collaborations. All important decay modes have been covered and no deviation from
Standard Model expectations was observed. Results from DELPHI and OPAL searches
for e?±, µ?± and τ ?± single production have been combined. The combined results were
used to set limits on the ratio of the coupling to the compositeness scale as a function
of the mass of the excited lepton assuming the relation f = f ′ for the SU(2) and U(1)
coupling parameters. For excited electrons the exclusion could be extended beyond the
kinematic limit using the measured γγ(γ) differential cross-section.
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Figure 1: 95% C.L. upper limits on the ratio of the coupling to the compositeness scale
from the combined search for single production of excited leptons at
√
s = 189−208 GeV.
The lines correspond to production of excited electrons (solid), muons (dashed) and taus
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Figure 2: 95% C.L. upper limits on the ratio of the coupling to the compositeness scale
from the combined search for single production of excited electrons at
√
s = 189−208 GeV.
The limit has been extended to higher masses using the measurement of the γγ(γ) final
state which is sensitive to the contributions from excited leptons. The extension shown in
this plot is based on DELPHI results [10], similar sensitivities are reached by ALEPH, L3
and OPAL [13–15]. The dashed and dotted lines indicate H1 [11] and ZEUS [12] limits.
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